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and antiwear additives may compete for the surface of the metal parts which Lire 
subject to lubrication. This competition can produce a lubricant that is less 
effective than is suggested by the individual properties of the additive components* 

[0008] Accordingly, the components of a gas engine lubricant need to be selected 
to meet the specified ash level and to provide, among other functions, a high level 
of oxidation and nitration resistance. Whether selected components and their 
amounts can be balanced to meet desired specification is not a priori predictable. 

[0009] Many stationary four-cycle gas engines require exhaust catalysts to meet 
local exhaust emissions limits. Phosphorus emissions poison p oison s the exhaust 
catalyst material and so manufacturers have placed limits on the fresh oil's 
phosphorus content. Currently, the strictest limit is 0.03 wt% phosphorus and it is 
possible that lower phosphorus levels may be legislated in the future. The source of 
phosphorus in gas engine oils is the ZDDP antioxidant/antiwear additive used in the 
oil. Reducing ZDDP treats in the oil to lower the phosphorus content is expected to 
shorten oil life. Therefore, new gas engine oil compositions with very low 
phosphorus levels and good antioxidant and antiwear properties are needed. 

SUMMARY OF INVENTION 

[0010] The present invention relates to a lubricating oil composition that at very 
low phosphorus levels has extended life, as evidenced by reductions in viscosity 
increase, oxidation and nitration when used at elevated temperatures in gas engines. 
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[001 1] The composition comprises: 

(a) a major amount of a base oil of lubricating viscosity; 

(b) a combination of neutral and overbased metallic detergents in an amount 
sufficient to provide a sulfated ash in the range of about 0.2 wt% to about 2.0 
wt% based on the total weight of the composition; 

(c) from about Q7Q QO.O6 vol% to 0. 1 5 vol% of a zinc dialkyldithiophosphatc and 
about 0.1 vol% to 2.0 vol% of a zinc dialkyldithiocarbamatc based on the total 
volume of the composition; and 

(d) based on the total volume of the composition, from about 0.5 vol% to about 
2.0 vol% of an ashless dihydrocarbylthiocarbamoyl antioxidant, or from about 
0r0 OS vol% to about 1.9 vol% of phenolic antioxidants, or from about 0.5 
vol% to about 3.0 vol% of mixtures thereof. 

[00 1 2] Preferably the composition of the invention will include one or more gas 
engine oil additives including ashless dispcrsants, ashless antiwear additives, metal 
passivators, pour point depressants, VI Viscosity Index (VP improvers, and 
antifoamants. 

[0013] The composition of the invention may be further characterized as having a 
phosphorus content of up to 0.015 wt%, preferably between about 0.005 to about 
0.008 wt%. 

[0014] Other embodiments of the invention will become apparent from the 
detailed description which follows. 
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DETAILED DESCRIPTION OF INVENTION 

[001 5] The composition of the invention includes a major amount of a base oil of 
lubricating viscosity. Suitable base oils include any natural or synthetic base oil or 
blends thereof in API categories 1, II and II, having a kinematic viscosity at 1 00 P C 
of about 5 to about 16 cSt and preferably about 9 to 13 cSt. 

[0016] The lubricating oil composition of the invention contains a combination of 
neutral and overbased metallic detergents such as alkali metal and alkaline earth 
sulfonates, phenates and alkylsalicylates. The preferred metal of the detergents is 
calcium or barium. Examples of suitable neutral metallic detergents are calcium 
sulfonates and calcium alkylsalicylates having a Total Base Number (TBN1 TON of 
from 10 to 100. Examples of overbased metallic detergents are calcium phenates, 
sulphonatcs and alkylsalicylates having a TBN of 150 to 400. The amount of the 
neutral and overbased metallic detergent is chosen having regard to the desired 
TBN of the final product and especially having regard to the desired sulfated ash of 
the final product. Preferably the mixture of neutral and overbased metallic 
detergents is sufficient to provide the composition with a sulfated ash in the range 
of about 0.2 wt % to about 2.0 wt %. 

[001 7] The composition also includes a combination of zinc 
dialkyldithiophosphate and zinc dialkyldithiocarbamate as antiwear agents and 
oxidation inhibitors. The alkyl group in the zinc compounds typically will be in the 
range of 3 to 12 carbon atoms. The amount of zinc dialkyldithiphosphate will be in 
the range of about ©r© 0.06 vol% to 0. 15 vol% and the amount of zinc 
dialkyldithiocarbamate will be in the range of about 0.1 vol% to 2.0 vol%, based on 
the total volume of the composition. 
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[0018] The composition also includes from about 0.5 vol% to about 2.0 vol% an 
ashless dihydrocarbylthiocarbamoyl antioxidant, or 0=0 0.5_vol% to about 1.9 vol% 
of phenol type antioxidant, or from about 0.5 vol% to about 3.0 vol% of mixtures 
thereof. 

[001 9] The term "phenol type" used herein includes compounds having one or 
more than one hydroxy group bound to an aromatic ring which may itself be 
mononuclear, eg, benzyl, or polynuclear, eg naphthyl and spiro aromatic 
compounds. Thus, "phenol type" includes phenol per se, catechol, resorcinol, 
hydroquinone, naphthol, etc, as well as alkyi or alkenyl and sulphurised alkyl or 
alkenyl derivatives thereof, and bisphcnol type compounds including such bi-phenol 
compounds linked by alkylene bridges or sulphur or oxygen bridges. Alkyl phenols 
include mono- and poly-alkyl or alkenyl phenols, the alkyl or alkenyl group 
containing from about 3 to 100 carbons, preferably 4 to 50 carbons and sulphurised 
derivatives thereof, the number of alkyl or alkenyl groups present in the aromatic 
ring ranging from 1 up to the available unsatisfied valences of the aromatic ring 
remaining after counting the number of hydroxy! groups bound to the aromatic ring. 

[0020] Most preferably the phenol is a hindered phenol such as di-isopropyl 
phenol, di-t-butyl phenol, di-t-butyl alkylated phenol where the alkyl substituent is 
hydrocarbyl and contains between 1 and 20 carbon atoms, such as 2,6, di-t-butyl-4- 
methyl phenol, 2,6 di«t-butyl-4-ethyl phenol, etc., or 2,6 di-t-butyl 4-alkoxy phenol. 

[0021] Suitable dihydrocarbylthiocarbamoyl compounds are represented by the 
formula 
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R \ f ! / 3 

N— C— (X)— C— 
R 2 *4 

where Ri, R2, R3 and R4 are the same or different and each represents an alkyl 
group of 3 to 30 carbon atoms, X represents S, S-S, S -<-CH2-)-yS, S- 
CH2CH 2 (CH3)-S and y is an integer of 1 to 3. 



[0022 \ A fully formulated oil may contain one or more gas engine oil additives 
including ashless dispersants, ashless antiwear additives, metal passivators, pour 
point depressants* ¥J Viscosity Index CVT) improvers and antifoamants. 



[0023] The compositions of the invention have a phosphorous content of up to 
0.015 wt%, preferably between about 0.005 wt% to about 0.008 wt%. 



EXPERIMENTAL 

Lab Nitration Screener Test Results 

[0024] A lab nitration screener test was used to assess the oil life performance of 
various oil compositions. The test results identify a number of parameters including 
oil viscosity increase, oxidation, and nitration. All measurements are reported on a 
relative basis (unless otherwise indicated) so that results greater than unity represent 
greater levels of degradation. Numerically lower relative results represent a 
measure of longer oil life. In each test, a Reference Oil is tested and results are 
reported as a ratio of the result for the test oil divided by the result for the Reference 
Oil. Thus, if a tested oil has an oxidation result of 1 .0, then it has oxidation 
performance equal to that of the Reference Oil. If the 
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tested oil has an oxidation result less than 1 .0, then the tested oil demonstrates 
oxidation performance superior to that of the Reference Oil. 

EXAMPLES 

[0025] Table 1 provides compositional details of a series of experimental 
formulations which demonstrate the invention, The Table also sets forth test results 
used to evaluate the performance of the formulations of the invention and a number 
of comparative formulations, under nitro-oxidising conditions. The Laboratory 
Nitration Screener Test results are measured relative to Reference Oil 1. 

[0026] The base oil of the compositions of Table 1 was a 600N American 
Petroleum Institute (APT) A£i Group II basestock. Comparative Oils 1 and 2 use a 
commercially available gas engine oil additive package, which is one of the most 
widely sold gas engine oil packages and therefore represents a "benchmark 
standard" against which other gas engine oil formulations may be measured. 
Comparative Oil 2 includes a sulfur containing phenolic antioxidant as described in 
U.S. Patent 5,569,405. Reference Oil 1 represents the improved oil of U.S. Patent 
6,140,282. The ZDDP treat in the Reference Oil and the Comparative Oils was 
about 0.3 vol%, which provides about 300 ppm phosphorus. The ZDDP treat in the 
invention examples was 0.06 vol%, or about 60 ppm phosphorous. 

[0027J Reference Oil 1 and Example Oils 1-4 each contained the same mixture of 
neutral and overbased metallic detergents, ashless dispersant and pour point 
depressant. All of the oils in Table 1 were formulated to be nominally 0.45 mass% 
sulphatcd ash and had substantially the same TBN, 
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